Upper gastrointestinal endoscopy is often accompanied by tachycardia which is known to be an important pathogenic factor in the development of myocardial ischemia. The pathogenesis of tachycardia is unknown but the condition is thought to be due to the endocrine response to endoscopy. The purpose of the present study was to investigate the effects of sedation on the endocrine response and cardiorespiratory function. Forty patients scheduled for diagnostic upper gastrointestinal endoscopy were randomized into 2 groups. While the patients in the first group did not receive sedation during upper gastrointestinal endoscopy, the patients in the second group were sedated with intravenous midazolam at the dose of 5 mg for those under 65 years or 2.5 mg for those aged 65 years or more. Midazolam was administered by slow infusion. In both groups, blood pressure, ECG tracing, heart rate, and peripheral oxygen saturation (SpO 2 ) were monitored during endoscopy. In addition, blood samples for the determination of cortisol, glucose and C-reactive protein levels were obtained from patients in both groups prior to and following endoscopy. Heart rate and systolic arterial pressure changes were within normal limits in both groups. Comparison of the two groups regarding the values of these two parameters did not reveal a significant difference, while a statistically significant reduction in SpO 2 was found in the sedation group. No significant differences in serum cortisol, glucose or C-reactive protein levels were observed between the sedated and non-sedated group. Sedation with midazolam did not reduce the endocrine response and the tachycardia developing during upper gastrointestinal endoscopy, but increased the reduction in SpO 2 .
Introduction
The value of diagnostic and therapeutic endoscopic applications in gastrointestinal diseases is increasing progressively. However, the widely used and usually uncomplicated endoscopic applications carry a risk of morbidity, though the risk is small. Particularly, myocardial ischemia is the most feared and unwanted event developing due to tachy-G. Yetkin et al.
www.bjournal.com.br cardia during upper gastrointestinal endoscopy (1) (2) (3) .
Although the use of sedation during upper gastrointestinal endoscopy is prevalent (4, 5) , there is much debate about the administration of sedatives. While some investigators propose that sedation-related complications may develop (6, 7) , many have reported that conscious sedation increases comfort during upper gastrointestinal endoscopy and reduces cardiac stress (8, 9) .
In the present study, we investigated the effects of sedation on the hemodynamic parameters and classical endocrine stress response that may cause tachycardia during routine upper gastrointestinal endoscopy.
Patients and Methods
Forty volunteer patients with ASA scores of 1 or 2, who were referred to the endoscopy laboratory for diagnostic upper gastrointestinal endoscopy were included in the study, which was approved by the local Ethics Committee. The patients gave written informed consent to participate and were randomized to two groups by means of sealed envelopes.
The two groups of patients of 20 each did not receive premedication prior to gastroscopy. Lidocaine spray (Xylocaine ® pump spray, Astra Zeneca, Lund, Sweden) was used for topical pharyngeal anesthesia. None of the patients received supplementary oxygen during gastroscopy. All patients were investigated by the same endoscopist (G.Y.) using the same endoscope (Olympus GIF XQ 230 videoendoscope, 9.8 mm in diameter, Olympus Optical Co. Ltd., Tokyo, Japan). The patients in group 1 did not receive sedation, whereas the patients in group 2 were sedated with intravenous midazolam at the dose of 2.5 mg for subjects aged 65 years or older, or at the dose of 5 mg for subjects younger than 65 years. Midazolam was administered by slow infusion into the antecubital vein at a single dose.
Continuous monitoring of blood pressure, ECG tracing, heart rate, and peripheral oxygen saturation (SpO 2 ) was performed using a Nikon-Kohden BSM 4113-K (Tokyo, Japan) standard monitor in both groups. Values were recorded 10 min prior to, during, and 20 min following the endoscopic examination. Also, blood samples were obtained from both groups prior to and 10 min and 1 h after endoscopy for the determination of cortisol, glucose, and C-reactive protein (CRP).
Data were analyzed statistically by the Mann-Whitney U-test for comparisons between groups and by the Tukey test for comparisons within groups, with the level of significance set at P < 0.05.
Results
All 40 patients tolerated and successfully completed the procedure. The mean duration of endoscopy was 6.54 min (range: 4.57-10.38 min) for group 1 (non-sedated) and 6.85 min (range: 4.38-9.9 min) for group 2 (sedated), with no significant difference between groups (P = 0.4382). Mean age and sex distribution were similar in both groups ( Table 1 ). The effects of sedation on the endocrine response and cardiorespiratory function prior to, during and following endoscopy are shown in Table 2 .
The values of heart rate, systolic blood pressure, and SpO 2 obtained for both groups Data are reported as mean ± SD for 20 patients in each group. See Table 1 for definition of groups. CRP = C-reactive protein; SpO 2 = peripheral oxygen saturation. There were no statistical differences between groups (Mann-Whitney Utest).
are displayed in Figure 1A ,B and C, respectively. Heart rate and systolic arterial pressure increased in both groups during the endoscopic procedure, but arrhythmias and signs of myocardial ischemia were not observed in any of the patients. The increases in heart rate during endoscopy were nonsignificant in both the non-sedated group and the sedated group. In addition, no statistically significant difference was found between groups regarding the simultaneous values of heart rate both during and after endoscopy. Similar results were also obtained in the statistical analysis of the alterations in systolic arterial pressure. The increments in systolic arterial pressure observed during endoscopy were nonsignificant in both group 1 and group 2. Comparison of the simultaneous values of systolic blood pressure between groups also revealed no significant difference either during or following endoscopy. SpO 2 levels decreased during endoscopy in both groups, but while this reduction was nonsignificant in the group without sedation, a statistically significant reduction was found in the sedation group (P = 0.002). In both groups, SpO 2 levels increased to preendoscopy values following endoscopy, and comparison of the pre-and post-endoscopy SpO 2 levels revealed no statistically significant difference in either group. Also, no statistically significant difference was found between groups regarding the simultaneous SpO 2 levels during and following endoscopy.
G. Yetkin et al.
www.bjournal.com.br Serum cortisol, glucose and CRP levels increased following endoscopy in both groups; however, none of the increments in these parameters was statistically significant. Also, comparison of the groups regarding the simultaneous levels of these parameters revealed no statistically significant difference (Figure 2A-C) .
Discussion
An organism undergoing trauma initiates a systemic response against the trauma in order to maintain homeostasis. Secretion of the mediators, and the intracellular and intercellular metabolic alterations that initiate the neuroendocrine response developing after trauma depend on the duration and type of trauma (10, 11) . Regardless of its duration, gastroscopic examination is also a trauma which elicits a metabolic endocrine response in the body. The temporary endocrine response occurring in the body during gastroscopic examination resembles the welldescribed classical stress response developing against surgery (12) . Afferent vagal, sympathetic and phrenic mechanoreceptors exist in the esophagus and stomach. It has been proposed that mechanical autonomic stimulation of these organs during gastroscopy may initiate the endocrine response developing during endoscopy. The symptoms of intolerance to endoscopy such as hypoxia, pain and coughing that develop during the endoscopic procedure may cause a stronger response. The endocrine hormones that are secreted may play a role in the development of tachycardia which emerges during endoscopy, by affecting the target organs including the cardiovascular system (13, 14) .
Tachycardia is known to be an important pathogenic factor in the development of myocardial ischemia that may occur during endoscopy (15) . Therefore, it has been suggested that ß-adrenergic blockade of the heart, which is one of the target organs of the endocrine stress, might prevent the development of myocardial ischemia, as observed in a study in which ß-adrenergic blockade induced by metoprolol was shown to reduce the incidences of tachycardia and myocardial ischemia during endoscopy (16) . Similar to the target organ blockade seen here, reduction of afferent stimulation has been proposed to be effective in reducing the stress response emerging during upper gastrointestinal endoscopy (12) . Particularly, upper gastrointestinal endoscopy performed with induction of sedation has been reported to be more comfortable than endoscopy without sedation, and sedation has been proposed to reduce the stress response (8) . Thus, in the present study, we investigated whether sedation reduces the stress response and tachycardia occurring in upper gastrointestinal endoscopy.
In several studies, the classical metabolic endocrine response has been obtained with upper gastrointestinal endoscopy (12, 17) . In the present study, serum cortisol, glucose and CRP levels increased during endoscopy, although the increments were not statistically significant. In addition, comparison of the groups with and without sedation revealed that the increments in serum cortisol, glucose and CRP levels were similar in both groups and that the values of the parameters obtained prior to and 10 min and 1 h after endoscopy were not statistically different between groups. These results agree with those reported by Yazawa et al. (18) , and suggest the view that sedation is not effective in reducing the endocrine response occurring during upper gastrointestinal endoscopy.
Hypoxia developing during upper gastrointestinal endoscopy is a well-recognized complication; however, its cause has not been well clarified. Sedation might primarily cause hypoxia by inducing respiratory depression, while the presence of an endoscope may also cause hypoxia by narrowing the upper airway (19) . In a study conducted on 330 patients, Banks et al. (20) demonstrated that the arterial oxygen pressure was considerably decreased in patients with sedation compared to those without, while Wang et al. (19) observed hypoxia in both patients with and without sedation, but stressed that sedation significantly increased hypoxia. Yazawa et al. (18) found a reduction in arterial oxygen pressure in the group with sedation compared to that without, but the reduction was not statistically significant. In another study, Kýlýc et al. (21) reported that sedation with midazolam does not have unfavorable effects on arterial oxygen saturation, but might show unfavorable effects in patients who smoke or patients who have pulmonary problems. In the present study, the patients in both groups were healthy individuals with ASA scores of 1 or 2. Unlike Kýlýc et al. (21), we found significant reductions in SpO 2 levels in the sedated group, which was composed of healthy individuals. We think that it would be important to study groups of healthy individuals with ASA scores of 1 or 2 to explore the effects of sedation on cardiopulmonary function while performing upper gastrointestinal endoscopy so the effect of pulmonary diseases on the results of the study was prevented.
Arterial oxygen pressure was reduced in both the groups with and without sedation during endoscopy, with the reduction being statistically significant in the group with sedation, but not in the non-sedated group. However, comparison of the simultaneous arterial oxygen pressures in the sedated and non-sedated groups revealed no statistically significant difference. This situation supports the view that both gastrointestinal endoscopy and sedation might be effective in reducing SpO 2 levels.
Ristikankare et al. (22) pointed out that tachycardia plays a more important role than hypoxia in the pathogenesis of cardiorespiratory complications that may develop during upper gastrointestinal endoscopy, and sedation with midazolam causes reduced SpO 2 levels, but also prevents the increase in systolic blood pressure and tachycardia observed during endoscopy. Our findings are similar to those of Ristikankare et al. (22) in that we found reductions in SpO 2 levels in the group sedated with midazolam. However, we did not observe the favorable influences of sedation on systolic blood pressure and tachycardia observed by these investigators. The absence of a favorable effect of sedation on these two parameters suggests that, because these parameters increase as a result of the endocrine stress response to the endoscope, and because sedation is ineffective against the stress response mediators, it is also ineffective against tachycardia and increased systolic blood pressure.
It is a fact that sedation increases patient tolerance and reduces anxiety in clinical practice, but it should be considered that sedation does not reduce tachycardia and myocardial ischemia and can decrease SpO 2 levels.
